Thus the discovery of leptin marked a major breakthrough in our understanding of body weight regulation and of the role of fat tissue as an endocrine organ. Leptin mRNA and/or peptide are produced by the placenta, fetal tissue, and hepatic stellate cells and are involved in numerous physiological functions such as fetal growth, gut-derived satiety, immune or proinflammatory responses, reproduction, intestinal absorption of nutrients, angiogenesis, and lipolysis. This paper reviews the involvement of leptin in body weight homeostasis and obesity and in peripheral functions. It is proposed that the regulation of the endocrine system during starvation is the main physiological role of leptin. 9 In the starved state, the serum leptin concentration decreases and the amount of food intake is increased. Because leptin expressed by adipocytes plays a key role in appetite regulation, we hypothesized that low serum leptin concentrations in malnourished children with BA and jaundice result in overeating and maintenance of appetite. Leptin hyposecretion associated with low adiposity may therefore stimulate appetite, and subsequent overeating occurs in an attempt to increase adiposity. We conducted energy balance analyses, assessed body composition, and measured serum leptin concentrations in jaundiced and nonjaundiced children with BA.
Patients and Methods

Patients
Eighteen pediatric patients (8 girls and 10 boys) with BA, ranging in age from 1year and 8 months-13 years, who had undergone the Kasai procedure in our institution and had been followed up for more than 1 year, were enrolled in this study. Kasai procedures were done during infantile periods before 80 day-old. Informed written consent for study participation was obtained from the guardians of all the children, and the study protocol was approved by the Institutional Review Board.
The 18 patients were divided into two groups: the jaundiced group (group J, nϭ8), in whom serum bilirubin levels were Ͼ1.0 mg/dl; and the non-jaundiced group (group non-J, nϭ10), in whom serum bilirubin levels were Ͻ1.0 mg/dl.
Methods
All study participants underwent duplicate measurements of height and weight. Then height for age (H/A) and weight for height (W/H) were calculated and measured height and weight.
Mid-upper arm circumference (MAC) and triceps skin fold (TSF) were measured to calculate body composition. MAC was measured using a flexible, nonstretchable fiberglass tape, and TSF was measured using a Lange caliper (Cambridge Scientific Industries, Inc., Cambridge, Maryland, USA). Then the arm muscle area (AMA) and arm fat area (AFA) were calculated using the following formulae: Spot measurements of EE were made using the indirect calorimetry method using the Deltatrac TM (Datex Instrument Corporation, Helsinki, Finland). EE was measured 3 hours following the evening meal to determine the timing of the postabsorptive period. The EE of 90 pediatric patients admitted to our institution for inguinal herniotomy were also measured as healthy control values.
Spot urine samples were used to analyze urinary nitrogen (UN) levels. UN and the respiratory quotient measured by indirect calorimetry were used to calculate EE from carbohydrate, fat, and protein and expressed as CHOo/Fo/Po (kcal/kg/day). In the same manner as for energy intake, the percentage of calories from each nutrient in total EE was expressed as %CHOo/%Fo/%Po. Serum IL-6 levels were measured by radioimmunoassay as a parameter of surgical stress response. IL-6 levels were compared from aspect of body mass index (BMI) between two groups of group J and group non-J. Serum leptin levels were determined by enzyme-linked immunosorbent assay.
Statistical analyses
Statistic analysis was performed using the unpaired Student-t test using Statview, version 4.5 (Abacus Concepts, Inc.). All results are expressed as meanϮSD. A p value of Ͻ0.05 was considered statistically significant.
Results
The results of this study can be summarized as follows. The H/A and W/H values of group J did not differ significantly from those of group non-J (HA 102.2Ϯ2.3% versus 100.8Ϯ3.5%, respectively; W/H 97.5Ϯ3.4% versus 100.0Ϯ3.3%, respectively). However, the %AMA and %AFA in group J were significantly lower than those in group non-J (%AMA 89.0Ϯ3.5% versus 96.0Ϯ4.1%, respectively; %AFA 88.0Ϯ3.1% versus 94.0Ϯ2.5%, respectively; pϽ 0.05).
The energy intake in group J was 150.7Ϯ15.5 kcal/kg/day, which was significantly higher than that in group non-J of 95.1Ϯ11.24 kcal/kg/day (Table 1) . Fi in group J was significantly higher than in group non-J ( pϽ0.025) (Table) . The EE in group J was also significantly higher than that in group non-J (98.0Ϯ12.0 kcal/kg/day versus 55.6Ϯ8.9 kcal/kg/day, respectively; pϽ0.05). In group J, CHOo was 48.9Ϯ3.3% and Fo was 31.9Ϯ3.5%, Po was 18.3Ϯ3.2%; in group non-J the corresponding values were 38.5Ϯ5.2% and 11.8Ϯ4.6%, 5.2Ϯ2.4%. These differences were all statistically significant ( pϽ0.01) ( Table 1) .
Serum IL-6 levels were significantly higher in group J than in group non-J (8.9Ϯ1.1 pg/ml versus 2.1Ϯ0.7 pg/ml, respectively; pϽ0.01) (Figs. 2 and 3) . Serum IL-6 levels did show linear relationship between serum bilirubin levels (Fig. 3) . However, serum leptin levels were significantly lower in group J (0.50Ϯ0.20 ng/dl) than in group non-J (2.61Ϯ0.48 ng/dl) ( pϽ0.05) (Fig. 4) . And in two groups, serum leptin seems to increase according to increase of its adiposity (Fig. 4) .
These results indicate that the jaundiced BA patients exhibit hypermetabolism and overeating, low carbohydrate oxidation, increased oxidation of lipids in EE, and high serum IL-6 levels. In our series of BA patients, cirrhotic children have hypoleptinemia Table 1 . Results of the energy balance study. Total intake and energy expenditure in group J were significantly higher than that in group non-J. Among oxidation rates of each nutrient in energy expenditure, all three nutrients in group J were significantly higher than that in group non-J. Fig. 2 . Serum IL-6 levels in group J and group non-J. associated with low adiposity.
Discussion
Cirrhotic patients easily develop malnutrition. Fatrelated disorders, including fat maldigestion, fat malabsorption, essential fatty acid deficiency, 10 and fatsoluble vitamin deficiency, are often observed in such patients. Weight is not an appropriate measurement for the evaluation of malnutrition in cirrhotic children with BA due to their massive ascites. As shown in the present study, indices of muscle and fat volume are clinically more useful in evaluating nutritional status and body composition than weight and height. However, these indices are calculated from only a limited body area, e.g., a single arm. More practical parameters for the assessment of body composition are therefore necessary.
The cirrhotic liver cannot eliminate endotoxins or metabolize adrenergic hormones. Elevated serum endotoxins and catecholamines lead to hypermetabolism. Studies in rats have demonstrated that serum endotoxin levels were significantly elevated in the portal vein in an ethanol-induced cirrhosis model.
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This may be partly caused by impaired intestinal integrity with intestinal epithelial congestion due to portal hypertension and partly caused by the inability of the cirrhotic liver to eliminate serum LPS.
We investigated serum IL-6 levels to determine whether they were correlated with the degree of liver dysfunction, malnutrition, and eating abnormalities in jaundiced patients. In our patient series, serum IL-6 levels showed a linear relationship with serum bilirubin levels. To our knowledge, this is the first paper to clarify linear correlation of serum IL-6 and bilirubin levels in BA children. Serum bilirubin level is a feasible indicator of hepatocyte metabolic function. If this function is impaired, hepatocytes cannot eliminate endotoxins, stimulating macrophages to produce proinflammatory and inflammatory cytokines. The high serum IL-6 levels in our pediatric BA patients with jaundice may be explained by IL-6 secretion from endotoxin-stimulated macrophages.
Increased resting EE in jaundiced BA patients has been reported previously. 12 Endotoxinemia and hypercytokinemia can result in hypermetabolism in jaundiced patients. 13, 14 The mechanism of the development of hypermetabolism in cirrhosis is poorly understood, however. Some investigators reported that elevated plasma IL-6 levels in cirrhotic patients with ascites occurred independently of the severity of liver damage. 15, 16 However, other groups reported that liver damage activated the monocyte-macrophage system to produce cytokines in the liver. 17, 18 There have been clinical observations that plasma IL-6 and endotoxin levels increase progressively as the severity of liver dysfunction increases, as graded by the Pugh classification, in cirrhotic patients. 18 Serum IL-6 concentrations have been demonstrated to have a linear relation between clinical Child score. 13 IL-6 mRNA and IL-6 receptor mRNA are also overexpressed in damaged biliary epithelial cells. 19 These findings suggest that damaged biliary epithelial cells and/or the monocyte-macrophage system are stimulated to enhance IL-6 mRNA levels and produce IL-6. These IL-6 molecules then enter in the systemic bloodstream. Elevated IL-6 levels may indicate not only a proinflammatory reaction but also the degree of insult to biliary epithelial cells when jaundiced BA patients are experiencing deterioration of their condition. 20, 21 In animal experiments, IL-6 administration resulted in increased EE. 22 Several cytokines, such as TNF-a and IL-6, are thought to suppress appetite. 23 In the present study, records of 24-hour food intake showed that jaundiced pediatric BA patients have overating behavior. Because the coexistence of hypercytokinemia and overeating appears paradoxical, we focused on adiposity and serum leptin levels in an attempt to clarify the reason for overeating in our series of patients. Anthropometric measurements showed that jaundiced children with BA had lower adiposity. Because leptin functions as a lipostat to regulate adiposity and appetite, [24] [25] [26] if adiposity increases, leptin production is enhanced to suppress appetite. Therefore the overeating in jaundiced children with BA can be explained by hyposecretion of leptin even with low adiposity. Moreover, the significantly high fat ox- idation ratio and higher EE in group J explain the lower adiposity and lower serum leptin levels.
Generally, the energy difference between intake of calories and EE is utilized for daily activities, dietinduced thermogenesis, and developmental energy costs during childhood. In the present study, the two groups had a similar energy balance. Jaundiced pediatric BA patients easily develop maldigestion and malabsorption because of the impairment of bile production and secretion. Although the energy balance was similar between the two groups, the actual energy absorption rate in group J may be lower than that in group non-J. Therefore the calculated energy intake in group J may have been overestimated and the energy balance underestimated compared with actual values. Developmental delays in jaundiced children may result partly from resistance to growth hormone with impaired liver function, 27 nor impaired insulin-like growth factor I production. 28 In the present study, jaundiced children with BA had decreased protein and fat body composition levels, high food intake, high EE, and low serum leptin levels compared with the nonjaundiced group. Theoretically, these could be corrected by altering the energy balance, adiposity, and leptin levels (Fig. 5) . Leptin, like some other cytokines, suppresses appetite through the STAT3 pathway, as observed in the IL-6 family. 29 Serum leptin secreted by WAT reaches the hypothalamus to regulate neuropeptide Y (NPY) and orexin (OX) neurons, which both stimulate appetite. 30 NPY-deficient mice, however, exhibit normal food intake patterns. When OX is injected into the third ventricle in mice, metabolic rates rise within 30 minutes. 31 Therefore a redundant food intake regulation system must exist, involving leptin, NPY, OX, and melanocortins. 32 It has been reported that cirrhotic patients have insulin resistance that enhances fat oxidation and suppresses CHO oxidation. 33 Another study showed that in mice fed safflower oil (SO) or fish oil (FO) for 5 months, only those fed SO developed obesity. 34 FOfed mice had enhanced expression of uncoupling protein 2 (UCP-2), as assessed by Northern blotting. 34 A similar stimulation of UCP-2 expression might occur in malnourished pediatric BA patients with jaundice. The present study did not investigate NPY, OX, or UCP-2 involvement in malnutrition and overeating. Further investigations are required to clarify the mechanism of hypermetabolism, high fat, and low CHO oxidation rates, and overeating observed in our group J.
